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Hellings and Downs curve
For PTAs, like LIGO/Virgo binary “chirp” waveform

Hellings and Downs curve
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Pulsar Timing Arrays (PTA)




Pulsar Timing Arrays (PTA)
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Pulsar Timing Arrays (PTA)
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Hellings and Downs corrrelation
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Latest results from four PTAs published 29.6.2023

1. Chinese Pulsar Timing Array CPTA, Res. Astron. Astrophys. 23, 075024
(2023), 57 pulsars over 3 years, "Some evidence”

2. Parkes Pulsar Timing Array PPTA, ApJL 951 L6 (2023), 24 pulsars over 18
years, No support for or against

3. European Pulsar Timing Array EPTA, arXiv:2306.16214, Astron. Astrophys.
(2023), 42 pulsars over 25/10 years, "Marginal evidence/evidence”

4. North American Nano-Hz Observatory for Gravitational Waves NANOGravy,
ApJdL 951, L8 (2023), 67 pulsars over 15 years, "Compelling evidence”

First joint analysis of three PTAs published 6.9.2023

5. International Pulsar Timing Array (IPTA) comparison of 2, 3, and 4 above,
Apd 966 105 (2024):. Data from three PTA are consistent with a single “joint”
stochastic gravitational wave background amplitude and power spectrum.



timing residual = observed arrival — predicted arrival(a, 8, f, f, ...)

PTA data: timing residuals
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PTAs consider different signal & noise models

Pulsar 1 Pulsar 2 Pulsar N

Timing Model Timing Model
Measurement noise | 4-| Measurement noise

Timing Model
4 ___ 4| Measurement noise

Intrinsic pulsar noise

Intrinsic pulsar noise Intrinsic pulsar noise
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NANOGrav observed correlations

cosmic variance

67(67 —1) .
= 2211 pulsar pairs
2211
s ~ 147 pairs/angle bin

Point estimates: (weighted) averages of the
inter-pulsar correlations in each bin
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Data are correlated across pulsars as expected for a GW backgound
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1 —CDF

NANOGrav’s detection confidence
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Detection statistic value unlikely due to uncorrelated noise alone because
orobability ~ 10™*: “compelling evidence” (but not a detection)
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Summary

. There is evidence for a correlated stochastic GW signal in recent PTA
data.

. The correlations follow the predicted “Hellings and Downs” pattern
expected for a GW background.

. A population of super-massive binary black holes associated with galaxy
mergers fits the data, but so do other possible gravitational wave
sources.

. Results generally consistent across PTA collaborations. International
Pulsar Timing Array (IPTA) consortium should analyze the full data set
(~¥115 pulsars, ~25 yrs) within coming year.

. Power spectrum of gravitational wave background (rising at low
frequency) means that the coming years should see great improvements
in ability to characterize this background.
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NANOGrav’s observed common power spectrum
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Observed common power spectrum consistent with predictions from a
population of SMBH binaries, and also many other GW source models!!
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